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1. PREPARAT I ON AND PROPERTIES OF CFX
I
~
2
~~

t 9t fl
~~

l6

Character istics of the gray ish to wh i te sol id fluorocarbon which has the

appropriate stoichiometry C 1
F

1 
with wide homogeneity ranges have been

established and studied as indicated in the recently . publi shed review

article. The Ph.D. thesis of Dr. Peter Kamarchik
I6 

and the publications

resulting therefrom present studies of the therma l stability of CFX which

show , interestingly, that CFX is quite stable in a fluorine atmosphere

even at temperatures as high as 800c. In oxygen or nitrogen atmospher es
or in vacuum the decomposition rate becomes appreciab le ~it about 500C and

the material can be more than lO~ decomposed by exposure to temperatures

over 600C for a few hours.9

In terms of the chemistry of decompo sition , i t  has been found that

C
2
F
4 

is the major gaseous decomposition product. In a hi gh temperature

environment C
2
F
4 

undergoes disproport ion ation to carbon and CF4. Furthe r ,

s in ce CF
2 

groups are probably the migratin g entities , the interaction between

CF
2 

and CF
4 

to produce C
2
F
6 

or othe r hi gher perfluorocarbon accounts for the

small amoun t s  of po lycarbon  species  detected in the gases when stud i ed by

m a t r i x  i s o l a t i o n  and mass  spectrometry .9 t H~~
l6

The structure of solid CF has been studied by x-ray techni ques and therex 4is general agreement about the unit cell dimensions. Unfortunately, the

single crystal data are sparse and an unequivocal structure has not yet been

derived. A very recent paper which is in press from Watanabe and associates

suggests that there may be st i l l  another solid fluorocarbon , C2
F , and this

could further complicate interpretation of the C-F phase diagram. Preparations

of CFX samples of various stoichiometrie s for further study are continui ng.
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2. ECONOM I CAL PREPARATION OF CFX

The current production of CFX is based on the use of elemental fluorine

and therefore has an intrinsically hi gh cost because all of the electro-

chemical methods for preparing fluorine run at least- $2 per pound for the

element itself. A preferred synthesis from an economic viewpoint would be

as follows :
i) Cd + 2HF -

~ CdF 2 + H
2

2) CdF
2
+2C -’- 2CF + Cd

3) Recycl e Cd to get CdF2, etc.

The advantages of this proposed synthesis are (1) that relativ ely cheape r

HF which can be prepared directly from fluorite ores would be used and (2)

tha t a me tal l ike zi nc or cadm ium which one would recycl e on a cont inuous
basis would be used as the transporting material to carry fluorine to the

carbon for potential reactions.

In addition to-the- proposed reaction cycle there are several others

which one can write but availabl e thermodynamic data are i nconclusive

enough , especially at elevated temperatures , to allow one to make a clear

cut decision.

If CFX could be made cheapl y, at prices of 5O~-$l per pound then this

material would be more attractive than molybdenum disulfide for many uses.

Current price of molybdenum dis ulfide is ~$2 per pound. Efforts to accomplish

these reactions in transpiratio n ex~~riments and through h i g h  p re s su re  experi-
ments are currently underway in the laboratory.
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3. HIGH PRESSURE STUDIES OF CFX

Various poss ib i l i t i es  for preparation of CFX and transit ion meta l
fluorides by using HgF2 as a fluor i na t ing age nt under hi gh pressures were
explored . These were , unfortunately, unsuccessful but further ,tudies

ar e in prog ress. A hi gh pressure fluorinat ing techni que could be ex treme ly

a tt rac t ive for lower i ng the cos t of CFX production si nce it could be done
a t re la t i v e l y  low temperatures with efficient use of the available fluorine.

A t hi gh pressures , CFX samples become more crystalline and yield excel-

lent powder diffraction patterns from which a unit cell and other structura l

information have been derived .
TM 

Unfortunately, no solvent for CFX is

currently known and large sing le crystals have not been prepared . There are

still some unresolved questions about the fluorine positions and the l ayer-

layer interaction parameters.
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4. REACT I ONS OF FLUORINE WITH ORGANI C COMPOUNDS

The general cond i tions for preparing reliable and reproducible fluoro-

carbon coatings on natura l rubbe r , po l yethylene , polypropylene , etc. have

been established in detail previou si y. 5 17i l8 The absence of oxygen i s
essential for getting a reall y sli ppery teflon-like coating . Time of

exposure to an N
2
/F
2 mixture and the exact temperature of exposure also

are critical. The optimization of the parameters for such treatments is

currently be i ng attempted .

The fluorination of po l yv i ny l chloride has been extensive l y 17 stud i ed

by ESCA and othe r techni ques to learn how fluorine attacks the polymer. Al l
hydrogens can be replaced by extended fluorination at elevated temperatures

but the chlorines remain. In othe r words , one can convert PVC to Ke l—F by

direct fluorination .

Differential scanning calorimetry has been used to study the decomposition/

ox i dation of po l yethylene or polypropylene samples with different fluorocarbon

coatings applied by direct reaction with F
2
.18 In the case of polypropy l ene ,

the max imum temperature of oxidation resistance is elevated by almost l OOC .

In addition to the rma l stabi l ity, the application of a fluorocarbo n coating

by this technique creates a barrier to vapor diffusion through thin films.

Finall y, the fr eshl y prepared fluorocarbon surfaces have been shown to be

especially inert toward recombinations 5 and when the inside of a ves..,el has

a fluorocarbon coating prepared  by the techni ques developed here , the surface

recombination reates of ha l ogen atoms or OH-molecules are reduced by -lO
b
.

A review pape r suntil arizing the current knowled ge of direct fluorination

techniques applied to organic compounds is in preparation .2°
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5. FLUORINAT ION OF NITRIDES

There have been severa l reports in the literature regarding the existence

of a new family of hi gh temperature refractory material , the nitrif luorides.

Thus far , these ternary compounds have been reported for transition metals

from Group 4 of the Periodic Table -- Ti , Zr , H~ , Th , and U , and some rare

earth metals. Because these may not be the most stable nitrifl uor ides and

therefore , perhaps not the most useful , we have begun initial studies on the

reaction of fluorine with LaN , A 1N , Mg
3
N
2
, and other metal nitrides. There

would appear to be two possibilities for obtaining a refractory material

which mi ght be stable in the presence of fluorine at hig.h temperatures by

this technique . (a) a protective film of the refractory binary fluoride

could be formed and (b) an even more stable refractory nitrifluoride species

i nvolvi ng the +3 metal ions , -3 nitride ions and -l fluoride ions in some

modific ation of the M
2
0
3
-structure or some related structura l geometry.

I nitial studies of LaN + F2 
have been carried out and a grayish material which

con tains both nitrogen and fluorine has been obtained. Its detai led properties

are under examination . Structures , therma l stability, the nature of gaseous

species formed on decomposition and resistance to fluorine and other oxidizing

atmospheres at hi gh temperatures wi l l  bc determined for various metal nitri-

fluorides , inc l uding some of those previou sl y synthesized -- ZrNF , Ti NF , etc.
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6. HYDROLYSIS OF FLUORIDES

According to the literature , transition metal oxyfluorides can be

prepared by careful hydrol ysis of fluorides and most of the rare earth

oxyfluorides have been characterized structurally by. x-ray diffra ction

techniques. Little is known about the therma l stability of such materials

and there is at least one oxyfluoride which wil l appear to be potentially

i mportant as a refractory container and a protective surface which has not

been prepared . This latter compound , A 1OF , should have the hi gh therma l

stability of aluminum oxide and an enhanced resistance to fluorine i mparted

by the fluoride coating . Efforts to hydroly ze alum inum fluor ide , like the

hydrolysis of other fluorides , seem unlikely to yield A 1OF because of the

great tendency to hydro l yze all the way to ox i de and evo l ve the very stable

gaseous HF molecules. A variety of alternate approaches to this problem

are under consideration . For example , as an al ternative to hydrolysis , i t
is sometimes easier to fluorinate the oxychloride and A IOC 1 can be prepared

in good yield by litera ture techniques.

I
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7. REACTIONS IN FLUORINE MATRICES AT LOW TEMPERATURE~
,8, , l2 l4 1 l5* l9

While one often regards the matrix isolation technique as a procedure

for isolating reactant A from reactant B with an inert third ma terial C ,

it is also possible to use a reactive matrix and let. the process proceed

on a reasonably macroscop ic scale. Reactions of elemental fluorine , where

fluorine is the matrix material are of current interest. At very low

temperatures , F
2 

is inert and in fact very similar to an Ne-matrix , i.e., a ma-

trix of pure fluorine is a very nonperturbing environment for most molecules.

The low po larizabi li ty of fluorine and the hig h electronegativity mean that

fluorine atoms and molecules tend to hold their elec trons very ti ghtly and

do not distort the surrounding species. Many molecular species show infrared

absorption spectra in a fluor ine matrix wh i ch are within a few wavenumbers

of the same frequencies as found for the gaseous molecules under essentially

ideal gas conditions. This minima l perturbation of vibrational frequencies

by elemental fluorine can be useful and allows one to deduce vibrational

frequency values which are very nea r to the gas phase va l ues but from a some-

wha t more convenient and control labic matrix environment.

Since the reactivity of the fluorine matrix does increase with increasing

temperature and also under the influence of ultravio let or other radiation ,

it is clear that one can conveniently carry out the preparation of various

fluorides , like those of xenon , etc.; reactions like the fluorination of water

to form HOF; the fluorination of chlorides or oxych lorides to form the cor-

responding fluor ides etc. Studies of various reactions like these are in

progress.

One can co-condense molec ules like methane , ethane , ethy lene , etc. with

elemental fluorine wi thout reactions. These mixtures are , of course , potentially

reactive and the reactio n may be initiated either by tiv ph oto lys is which produces

fluorine atoms and i nTnediately thereafter very rapid reactions or by infrared

photol y s i s  which apparentl y leads to exc i ted state species and slow but very
definite reactions. We have made extensive studies of the reaction of ethylene

and fluorine , and studies of substituted ethy lenes reacting with fluorine

are planned . From this work , suppleme n ted with studies of the acetylene plus

fluorine reaction and the benzene plus fluorine reaction , both with and wi thout

photo lytic exc i tation , we hope to elucid ate more clearly the fundamental steps

in fluorination of multiple bonds in organic molecules. Severa l theses and

.; k _ _ - 
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papers regarding this work have been presented7~
8
~
10 I l2 I l4 ,l5 ,l9 

and other
manuscrip ts are in prepa ration .
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8. NEW METHODS FOR PREPARATION OF ELE MENTAL FLUORINE
WITHOUT ELECTROLYSIS

The d i rec t  production of elementa l f luor ine is usually accomplished

throug h electrochemical means and there are no ordina ry oxidizin g agents

which wi l l oxidize the fluoride ion to fluorine gas. There are , however ,

a few unstable salts which contain fluorine and which can be thermall y

decomposed to produce elemental fluorine and a salt of the carrier element 
¶

in a l ower ox i dation stage. For example ,

CoF
3 

(solid) 
he~it 4 CoF2 (solid) ÷ 1/2 F

2 (gas)

A9F
2 

(solid) 
heat 

* Ag E (solid) + 1/2 F
2 

(gas)

Also , the extremely hi gh electron affinities of PtF 6, UF6, etc. make reactions

like

(M~ ,F )  (solid) + UF
6 

(gas) -8 (M~~,UF
6
) (solid) + 1/2 F

2 
(gas)

thermodynamicall y feasible. Both types of reactions are unattractive because

one needs to use elemental f luor ine to get s t a r t i n g  materials like CoF
3
, A0F2

or UF6. The UF
6 

reaction is also not rever sible.

Various inorganic fluoride systems which could be used in fluorine

production cycles are be i ng eva l uated in terms of thermod ynamics and kinetics .

The disadvantages of most of the known materials which can be decomposed to

produce fluorine are (I) a fairl y hi gh temperature is required (2) the salt

is hygroscop ic , sensitive to water or oxidation , or otherwise difficult to

handle (3) the y ield of fluorine per gram of material carried is rather low

so that there is a wasted e f fo r t  in transporting materials which do not in

fact lead to production of elementary fluorine . The ideal kind of m aterial

would be stable at room temperature but when exposed to the prope r degree of

heat or li ght , would provide fluor inc and leave a residue of minimum wei ght

and yet a residue which could also be recycled for continuous processing and

transport of fluorine .

I ? - -~~~~~~~~ a - 
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9. THE CHEMISTRY OF S iF
2
6
~

I2 ,13

The characterization of SiF 2, the long-lived inorganic carbene , is a

subject of continuing interest , both in terms of uni que synthetic applications

of S i F
2 

and in terms of elec t ronic properties (singFet or triplet) and the

reactions of the reactive un it -- either monomer or dime r -- with electrons

pa i red or unpa i red . The rad ical ion SiF
2 

has been prepared , and detected

by ESR and compounds like LiSiF
2 

have been prepared in matrices by the

reaction of Li + SiF 2
. A suninary of evidence from Si F 2-chemistry relating

to the possibility of >Si~ Si< bonds has been published . Also , a review

article has been prepared .

i
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